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The protective action of fatty acids on the human skin against fungi and bac-
teria has been the object of numerous investigations (A. Marchionini and co-
workers, 1a, b, c, d). F. Herrmann and K. Fuerst (2) and later 0. L. Levin and 
H. Silvers (3), and others (4a, b), demonstrated in experimental and clinical 
investigations the significance of the acids of normal sweat for the formation of a 
natural protective "acid mantle" in the surface of the skin. This cloak is pro-
duced and maintained by sweat evaporation. More recently, other authors, 
including Hoffman (5), Peck, et al. (6a, b), Reigler, et al. (7), Keeney (8) 
and Keeney, et al. (9a, b, c, d), Hilligas and Camp (10), Bergheim and Cornblut 
(11), Cornblut and Meyer (12), S. Rothman, et al. (13), and Wyss, et al. (14), and 
their co-workers found that certain fatty acids, some of which are components 
of normal sweat, have outstanding activity against pathogenic and non-patho-
genic fungi. Effective medicaments containing these agents have been developed 
for the treatment of mycotic infections (9a, b, c, 15, 16, 17, 18, 19, 20, 21). The 
present study was undertaken in an attempt to gain information as to the behav-
iour of certain fatty acids under various conditions, and as the work progressed 
the antifungal effects of other agents were investigated. Particular attention 
has been given to the behaviour of trimethyl cetyl ammonium pentachlorphenate 
which has been shown to have marked fungicidal action (18, 20, 22a, b). 
It was important to study the effect of the agents at various pH levels and in 
serial diluting vehicles in order to determine conditions of optimum activity and 
probable efficiency on the skin. Preliminary reports on some of the results 
obtained have been published (21, 22). 
METHODS 
Studies on the comparative activity of salts of the acids and free acids were made by add-
ing dilutions of the acids to media well buffered at various pH levels. The results are ex-
pressed in terms of activity of the acid in media buffered at a pH below pH 7 and as that 
of salts in media at pH 7 or above, since it is inaccurate to speak of sodium propionate or 
sodium undecylenate when dilutions are made in media of acid pH (Sabouraud's media). 
Cultures: The cultures used were all typical strains. T. gypseum, strain "U" and "E", 
and T. purpureum, M. lanosum, M. audouini, E. inguinale and Monilia albicans were 
obtained from the collection of the New York Skin and Cancer Unit and were kept by rou-
tine transfer on Sabouraud's agar slants. Strain 9533 which was used exclusively in the 
fungicidal tests is from the American Type Culture Collection. Most of the fungistatic 
experiments described were made with T. gypseum, Strain "U", but comparisons showed 
that the other T. gypseum strains behaved in a similar manner toward the various agents 
tested. 
*Received for publication July 14, 1947. 
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Agar: Sabouraud's Maltose agar (Difco) pH 5.7± was used. When slant cultures were 
made the agar was tubed in 5 ml. amounts and autoclaved at 13 lbs. pressure for 20 minutes. 
Neopeptone, Dextrose broth: The broth was prepared by dissolving 1.0 gram Neopeptone 
(Difco) and 2.0 grams Dextrose per 100 ml. of water. 
Adjustment of pH of media: Broth or agar was adjusted by the addition of sterile HCl, 
NaOH, and buffer solutions to the previously sterilized medium. In preparing buffered 
agar or broth, Macllvaine's buffer solution (0.1 molar citric acid and 0.2 molar disodium 
phosphate) was added to the water constituents to bring about the desired pH. 
Incubation: Incubation was carried out at 28-30°C and all tubes were observed for at 
least three weeks. For purposes of clarity, growth and complete inhibition only are re-
corded. 
Dilutions: It was determined by experiment that 0.1 mi. of the diluents used in 5 ml. of 
agar had no retarding effect on the growth ofT. gypseum; accordingly, dilutions were pre-
pared in the various solvents and added in the ratio of 0.1 ml. to 5 ml. of previously melted 
agar cooled to 45°C. The tubes were shaken and allowed to harden in a slanted position. 
All dilution values are given as the final concentration of the agent in one ml. of agar or 
broth. 
Inoculum: The size of the inoculuminfiuences the results obtained. Therefore, a reason-
ably standard inoculum was used in all of the experiments. In the case of T. gypseum the 
growth from a 10 to 12 day old Sabouraud's agar slant culture was brushed off with a pipette 
into 10 ml. of saline and shaken vigorously. This suspension was centrifuged at low speed 
to throw down large mycelium particles and 0.1 ml. of the supernatant fluid was used to in-
oculate each tube. Random counts of such preparations by the Breed bacteria counting 
technique (methylene blue stain) showed that the suspensions contained between 1.0 and 
1.2 million conidia per ml. In experiments involving other fungi and M. albicans this 
technique was followed, but no attempt was made to remove mycelium from the suspensions 
obtained by scraping the agar stock cultures. 
Fungicidal Tests: In determining the fungicidal activity of the various substances 0.1 
ml. of a spore suspension of T. gypseum was exposed in 5 ml.of a 50% propylene glycol, 
50% Macllvaine's buffer solution. After thorough mixing of the inoculum, transfers were 
made with a 0.25 em. loop at 10 minute intervals to tubes containing 10 ml. Neopeptone 
Dextrose broth pH 7.0. Controls designed to rule out fungistatic effects were made by 
transferring 1 loop from the exposure tubes and inoculating with a fresh spore suspension 
diluted with water to correspond with the numbers present in the exposure tube. 
Fungistatic effect as shown by inhibition zone experiments: Nine em. petri dishes were 
poured with 10 ml. of agar which had been seeded with 0.5 em. of the spore suspension pre-
viously described. After the agar had hardened, 1 em. filter paper circles were dipped in 
various dilutions of the drugs to be tested and after draining momentarily were placed on 
the surface of the agar. Incubation was carried out at 30°C and the diameter of the zone of 
inhibition was measured after 4 days. 
EXPERIMENTAL 
It is obvious that the inhibitory activity of an antifungal substance will increase 
as the growth promoti.J;lg capacities of the test medium is decreased In the pres-
ent work, before the inhibitory action of the various agents lwas investigated, 
a study of the growth promoting capacities of the media used was made. The 
results are shown in Table 1. 
In general the data in Table 1 are in agreement with the data of previous work-
ers (6a). In our hands, using the heavy standardized inoculum of T. gypseum 
referred to, luxuriant growth developed consistently on the surface of slants and 
in poured plates of Sabouraud's agar adjusted with NaOH or HCl to pH 5, 6, 7 
and 8, or on agar containing buffers at the same pH levels. The growth at pH 
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5 was not inferior to that obtained at pH 7 or at pH 8 in buffered agar. Likewise, 
good growth with pellicle formation was obtained in broth cultures buffered at 
pH 6 and 7. We found less luxuriant growth and sparse or negative pellicle 
formation in broth buffered at pH 5 or pH 7. Heavy growth with pellicle forma-
tion always occurred in unbuffered broth (initial pH 5.7) and the pH changes 
toward the alkaline side, brought about by the growth of T. gypseum on acid 
media, were regularly observed. 
A series of experiments were made to study directly the effect of the pH of the 
medium and of solution on the activity of certain fatty acids. Dilutions of pro-
pionic, heptylic, caprylic, pelargonic, capric, undecylenic acids, and T.C.A.P. 
TABLE 1 
Growth of T. Gypseum on broth and agar culture media at various pH 
KEDIA TYPES 01' CULTURE 
Sabouraud's agar (no Agar slant 
buffer) pH adjusted spores seeded 
by addition of N AOH on surface 
or HCl 
Sabouraud's agar pH Agar slant 
adjusted by addition spores seeded 
of phosphate buffers on surface 
Sabouraud's broth pH Liquid medium 
adjusted by addition seeded with 
of NAOH or HCl spores 
Sabouraud's broth pH Liquid medium 
of phosphate buffers seeded with 
spores 
++++ Luxuriant growth. 
+++Less luxuriant growth. 
Tn!E 
OFINCU-
DATION 
DAYS 
--
7 
7 
10 
10 
S Growth as sediments in depths of broth. 
P Pellicle formation. 
INITIAL pH OF MEDIUll 
5.0 5.6 6 7 
--- --- --- ---
++++ ++++ ++++ ++++ 
++++ ++++ ++++ +++ 
++ ++++ ++++ ++++ 
s p p p 
++ +++ ++++ ++++ 
s s p p 
8 
--
+++ 
+++ 
++ 
s 
++ 
s 
were made in water, in propylene glycol, and in alcohol and added to agar ad-
justed at various pH levels. These substances were chosen since they represent 
three different groups of antifungal agents. Propionic acid is a water soluble 
fatty acid, heptylic, caprylic, pelargonic, capric, and undecylenic are relatively 
water insoluble fatty acids, and T.C.A.P. is an extremely fungicidal quaternary 
ammonium anionic and cationic agent. All of the agents are soluble in alcohol 
or propylene glycol. The medicated agars were inoculated with T. gypseum 
and the inhibiting concentrations determined. The results are shown in Table 2. 
The results obtained with 50% propylene glycol or 50% alcohol are similar in 
this type of experiment so only the results obtained with propylene glycol as the 
diluent are recorded. 
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It can be seen in Table 2 that the antifungal capacity of heptylic, caprylic, 
pelargonic, capric, undecylenic acid and T.C.A.P. is greater when dilutions 
are made in a solubilizing vehicle such as propylene glycol. The effect of the 
pH of the medium on the final inhibiting titre is shown by the remarkable 
disparity between the fungistatic end points in agar at pH 5 and pH 7. The 
fungistatic activity at pH 5 when dilutions are made in prbpylene glycol is directly 
related to the length of the carbon chain of the acids. More than a 0.1 x w-a 
molar concentration of propionic, heptylic, or caprylic acid per ml. of medium 
is necessary to inhibit the growth of T. gypseum. Pelargonic, capric, and undec-
TABLE 2 
Molar fungistatic concentration X 103 of several aliphatic acids. 7.'. Gypseum as 
the test organism 
AGENT JlOL. WT. pHS 
Water Used as the Diluent 
Propionic .......................... . 
Heptylic ......... . . . .... . ........... . 
Caprylic ........................... . 
Pelargonic ....... . ....... . .......... . 
Capric ............................. . 
Undecylenic .... . ................... . 
TCAP .............................. . 
74 
130 
144 
158 
172 
184 
547 
2.7 
1.1 
0.7 
2.1 
0.7 
0.6 
0.005 
Propylene Glycol Used as the Diluent 
Propionic ...... .. ....... , .......... . 
Heptylic .......................... . 
Caprylic ....................... . ... . 
Pelargonic ............ . ............. . 
Capric .................. . ..... .. ... . 
Undecylenic .......... . ........ . .... . 
TCAP .............................. . 
*More than. 
2.7 
.51 
.14 
.08 
.058 
.055 
.0022 
pH5.6 
2.7 
1.9 
0.9 
2.6 
0.9 
0.9 
0.075 
2.7 
.77 
.35 
.42 
.23 
.136 
.007 
pH7 
18.0 
8.0 
1.4 
20.0* 
1.4 
1.3 
0.14 
18 
3.8 
1.4 
2.6 
.38 
.55 
.013 
ylenic acids are increasingly active at pH 5 in correspondence with their carbon 
number. 
In general, the same thing is true at pH 5.6. The order of increasing activity 
is propionic, heptylic, pelargonic, caprylic, capric, and undecylenic. It is thus 
seen that when tested under conditions which insure good solubility, the fungi-
static activity of the aliphatic acids is dependent upon pH. 
A quite different set of values is obtained when the experiment is done using 
water as the diluting fluid. Undecylenic is the most fungistatic acid at both pH 
5 and pH 7, and caprylic and capric are slightly less active. Heptylic is more 
active than pelargonic and propionic is the least active. The concentration of 
propionic acid necessary for fungistasis is the same when either water or propylene 
glycol is used. In the case of all of the less water soluble acids, however, the 
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concentration necessary for fungistasis is much less when dilutions are made in 
propylene glycol. 
The difference in fungistatic concentration in water vs. propylene glycol dilu-
tions is moderate in the case of heptylic and caprylic acids, and marked in the 
case of the longer chain acids, pelargonic, capric, and undecylenic. The superior 
activity of T.C.A.P. over that of the fatty acids is clearly shown in Table 2. It 
is of interest to note that the activity of this compound at pH 7 (its least effective 
pH) is greater than that of undecylenic acid at its most effective pH. 
The concentration of undecylenic acid or T.C.A.P. required to inhibit T. pur-
pureum, M. audouini, M. lanosum, E. inguinale, and M. alhicans was determined. 
Tests were made on agar at pH 5.0 and at pH 7 .0. One-tenth ml. of dilutions 
of the drugs made in propylene glycol was added to 5 ml. of agar. It was found 
that all of the fungi were inhibited by 0.55 x IQ-3 molar undecylenic acid at pH 
5.0. An 0.11 x IQ-3 molar T.C.A.P. inhibited the fungi at pH 5.0, while 0.05 x IQ-3 
was necessary to inhibit M. albicans at this pH. At pH 7 .0, 5 x IQ-3 molar undecy-
lenic acid and 0.2 x IQ-3 molar T.C.A.P. inhibited the fungi. M. albicans was 
inhibited at pH 7.0 by 10 x IQ-3 molar undecylenic acid and by 0.4 x IQ-3 molar 
T.C.A.P. Thus both undecylenic acid and T.C.A.P. are as effective in vitro 
against other species of pathogenic fungi as they are against T. gypseum. Fur-
thermore, the action of the drugs is dependent upon pH. It is of interest to note 
that Monilia albicans is less susceptible to both agents than are the pathogenic 
fungi. 
Fifteen other agents including a cationic detergent, plant growth hormones, 
halogen substituted fatty acids and carbamates were studied to determine the 
effect of pH on antifungal activity (T. gypseum). The tests were conducted as 
in the previous experiments and dilutions were made in either water or in 50% 
propylene glycol, depending upon the solubility of the agents. The results are 
shown in Table 3. 
The agents in Table 3 may be divided into three classes according to the 
effect of pH on fungistatic activity. Alkyl-dimethyl-benzyl-ammonium chloride, 
a cationic wetting agent, is far more active in the alkaline pH range than in the 
acid range. This is in contrast to the behaviour of T.C.A.P., an anionic and 
cationic active agent, which has been shown to be more active in the acid range. 
Acetic, phenylacetic, naphthalene acetic, p-aminobenzoic, aminocaproic, chlor 
propionic, chlor propionic, brom propionic, 2 ,4-dichlorophenoxyacetic acids 
(2,4-D), and its sodium salt all show greater fungistatic activity in the acid pH 
range. The activity of phenoxy ethyl alcohol, urethane and thiourea is not in-
fluenced by pH. 
The fungistatic action of undecylenic acid buffered at various pH levels with 
triethanolamine has been studied (10) by means of diffusion zones produced 
around wells placed in Sabouraud's agar. It was concluded that undecylenic acid 
is far more active in the alkaline pH range than at pH 5. Since our results, as 
shown in Table 2, are at variance with these findings, experiments were set up 
to study the activity of undecylenic acid in broth and in agar, buffered at various 
pH levels, as influenced by various solvents. 
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One per cent stock preparations of undecylenic acid were made: (a) in water, 
(b) in 2% aqueous triethanolamine, (c) in propylene glycol and (d) in 95% eth-
anol. Serial dilutions were made of these preparations: Of (a) in water; of (b) 
in water with 10 vol. per cent of Macllvaine's buffer at pH 8.5; of (c) in equal 
parts of water and propylene glycol; and of (d) in equal parts of water and eth-
anol. One-tenth ml. of each of these liquids as well as of the corresponding 
liquid without the undecylenic acid (blank control) was added to Sabouraud's 
Maltose agar (Difco) and to broth (1% Neopeptone, 4% Glucose). The pH of 
these media was adjusted to pH 5.0 and 7.0 with Macllvaine's buffer. The 
final volumes were 5 ml. Broth and slanted agar tubes were inoculated with a 
TABLE 3 
Effect of pH of agar medium on the concentration of various agents (mg. per cc.) necessary 
for fungistasis 
pH 01!' BUI!'FERltD SABOtn<AlJD'S 
AGENTS DILUTED IN 
A GAlt 
5.0 5.6 6.0 7.6 
-- ----
--
Alkyl-dimethyl benzyl ammonium 
chloride .......................... Water 0.5 0.022 
Acetic Acid ........................ " 0.375 0.52 0.7 10.0* 
Phenylacetic acid ................... " 0.5 3.75 10.0* 
Naphthaline Acetic Acid ............ " 1.2 3.75 10.0* 
P amino benzoic acid ............... " 2.0 3.6 10.0 10.0* 
2,4 dichlorophenoxyacetic acid (so-
dium salt) ........................ " 2.0 10.0* 10.0* 10.0* 
2,4 dichloro phenoxy acetic acid .... 50% propylene glycol 0.7 1.0 2.0 10.0* 
water 
-chlor propionic acid ................ " " 1.0 2.0 
-chlor propionic acid ........... . .... " " 0.375 1.0 
-Brom propionic acid ............... " " 0.375 1.0* 
-phenoxy ethyl alcohol. ............. Water 1.25 1.25 1.25 
Urethane ........................... " 12.5 12.5 12.5 
Thiourea ........................... " 2.0 2.0 2.0 
*No fungistasis at the concentrations shown. 
heavy suspension of spores of T. gypseum. The minimum concentrations in-
hibiting growth are shown in the example in Table 4. Table 4 shows that undec-
ylenic acid is much less active in agar buffered at pH 7.0 than in agar buffered 
at pH 5.0 or 6.0. Best solution and highest activity is achieved when propylene 
glycol is used as diluent and pH 5.0 agar is used as the medium. Higher fungi-
static titres are obtained on pH 5.0 and pH 6.0 agar when the 2% triethanolamine 
(pH 8.5) preparation was diluted in pH 8.5 buffer than when dilutions were 
made in water. When broth was u~ed as the medium the results as regards pH 
effect were the same but the activity ranges are higher. It has been noted pre-
viously (6a) that higher inhibitory values were obtained when sodium propionate 
and sodium undecylenate were diluted in broth than when diluted in agar. 
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It might be argued that the remarkable fungistatic activity of undecylenic acid 
in buffered broth at pH 5 is a function of the inability of T. gypseum to grow well 
in such a medium, and, conversely, the lower inhibitory values at pH 7 are due to 
better growth at this pH. That this is not the explanation is made clear in two 
ways: (1) The growth ofT. gypseum in broth buffered at pH 7 is not significantly 
more vigorous than that developing in broth buffered at pH 5, yet both agents 
are poorly inhibitory at the higher pH; (2) the same relationships are shown in 
media adjusted with NaOH or HCl, i.e., best inhibition at pH 5, less at pH 6 
and least at pH 7. It will be rememberedthat T. gypseum grows well at all of 
these pH levels in this type of medium (Table 1). 
The results described above could not be reconciled with the findings noted 
above (10), that undecylenic acid adjusted with triethanolamine is extremely 
active, except on the basis of greater solubility of the agents under these condi-
TABLE 4 
Fungistatic concentration of undecylenic acid (mg. per ml.) mixed in various diluents (see 
text) in agar or broth adjusted to pH 5.0, 6.0, or 7.0 
DILUENT 
lll!DIUH 2% 
pH Water Triethanolamine 50% 
Bufier pH 8.5 Propylene Glycol 
Agar 5.0 0.11 0.055* 0.02 
6.0 0.20t 0.20t 0.15 
7.0 0.20t 0.20t 0.1 
Broth 5.0 0.065 0.016* 0.013 
6.0 0.1 0.05 0.03 
7.0 0.20 0.14 0.08 
* Blank tubes containing agar or broth buffered at pH 5 which received the triethanola-
mine-undecylenic-buffer mixtures were checked on the Beckman pH apparatus and were 
shown to have a maximum pH of 5.3. 
t Not fungistatic at this concentration. 
tions. In the experiments referred to, undecylenic acid was dissolved in trieth-
anolamine and allowed to diffuse into Sabouraud's agar which has by definition 
an acid pH. Under such conditions, triethanolamine acts as a solubilizing ve-
hicle, but the inhibition values obtained are a function of undecylenic acid in 
an acid medium. 
It was important to determine the relative activity of the free acids and the 
salts of the acids as influenced by solvents by the inhibition zone method. Ac-
cordingly, zone experiments on agar adjusted to several pH levels were made to 
study the fungistatic action of other fatty acids, T.C.A.P. and alkyl dimethyl-
benzyl ammonium chloride as influenced by various solvents. One per cent 
preparations were made in various vehicles and further diluted as shown in Table 
5. Zones of inhibition were measured after 4 days incubation. 
The data in Table 5 confirm the dilution experiments previously recorded, 
TABLE 5 
Fungistatic Activity of Fatty Acids and T.C.A.P. in Various Vehicles Shown by 
Inhibition Zones (em) on Agar Adjusted at Several pH Levels 
pH OF AGAJ< 
AGENT 1% SOLUTION pHS pH5.6 pH 7 ll.ADE IN: 
Solutions Made In: 
1/ 1/ II/ 1/ I/ I/ I/ 1/ I/ II/ 1/ I/ 100 300 500 800 100 300 500 800 100 300 500 800 
---
Caprylic Water Water 9.0 3.30 0 1.6 0 0 0 0 0 
Acid 2% Aqueous pH 8.5 Buffer 9.0 4.10 0 0 0 0 0 0 0 
Triethanol-
amine 
Alcohol 50% Aqueous 9.0 6.8 4.8 4.5 6.0 4.30 0 0 0 
Alcohol 
- - - -
- - - - - - -
Heptylic Water Water 9.0 0 0 6.0 2.00 0 1.70 0 
Acid Propylene 50% Aqueous 9.0 3.20 6.3 3.4 2.40 1. 7 0 0 
glycol Propylene 
glycol 
- - - - - - - - - - -
Pelargonic Water Water 9.0 5.6 4.2 
Acid Propylene 50% Aqueous 7.4 5.4 2.80 0 2.4 
glycol Propylene 
glycol 
- - - - - - - - - - -
Capric Acid Water Water 2.0 2.0 0 
Propylene 50% Aqueous 7.0 5.5 4.0 1.80 3.2 
glycol Propylene 
glycol 
- - - - - - - - - - -
Undecy- Water Water 3.20 2. 8 0 0 0 
lenic Propylene 50% Aqueous 4.5 1.7 3.20 2.20 
Acid glycol Propylene 
glycol 
2% Trieth- pH 8.5 Buffer 3.6 2.5 3.4 2.0 1.80 
anolamine 
2% Tween 80 2% Tween 80 5.5 4.2 5.3 3.9 1.40 
(pH 9) 
Alcohol 50% Alcohol 9.0 6.4 4.6 4 ;0 2.6 1.3 
- - - - - - - - - - -
T.C.A.P. Propylene Water 2.4 2.0 1.8 1.4 
G(ycol 
Propylene 50% Aqueous 3.2 2.6 2.2 1.6 
Glycol Propylene 
Glycol 
Alcohol 50% Aqueous 3.2 4.2 2.9 2.4 1.7 
Alcohol 
- - - - - - -
- - - -
Alkyl Di- Water Water 1.8 0 2.7 2.0 
methyl 
Benzyl 
ammo-
nium 
chloride 
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i.e., highest activity is noted with all of the agents under conditions of maximum 
solubility and in medium of acid pH. Among the fatty acids, increased activity 
coincides with an increase in length of the carbon chain. With the exception of 
undecylenic, none of the fatty acids are impressive fungistatic agents at pH 7, 
but with all of the acids more activity is shown at pH 5.6 and most at pH 5.0. 
The increase in activity with lower pH is shown by increased width of the zones 
at a corresponding dilution and by the appearance of zones with less favorable 
solubilizing vehicles. Thus undecylenic acid produced no zone when diluted 
1/800 with water on agar of pH 5, 6, or 7. When diluted 1/800 with triethanol-
amine buffer vehicle, a 2.5 em. zone was produced at pH 5.0, a 2.0 zone at pH 
5.6, and no zone at pH 7.0. When diluted 1/800 with alcohol, zones were dis-
cernible at all pH levels. Propylene glycol is less diffusible than alcohol in 
agar and zones produced by agents in this vehicle are regularly narrower than 
those produced when alcohol was used as the vehicle. Heptylic, caprylic, pel-
argonic, and undecylenic acids are more soluble in water than is capric acid. 
The latter has moderate activity at pH 7 when diluted in solvents, yet little 
activity is shown even at pH 5 when water dilutions were tested. Pelargonic 
acid, on the other hand, had more activity at all three pH levels when diluted in 
water than when diluted in such a poorly diffusible vehicle as propylene glycol. 
Alkyl-dimethyl benzyl ammonium chloride, a cationic wetting agent, is most 
active in the alkaline pH range. 
During the course of inhibition experiments, of the type described above, it 
was noted that zones produced by fatty acids on pH 5 agar became progressively 
narrower as the time of incubation increased. This was also noted with solutions 
containingT.C.A.P., butthenarrowingofthe zone was less in the case of this com-
pound than with the fatty acids. Since this phenomenon appeared to indicate 
a measure of fungistatic vs. fungicidal action, it was carefully studied. In con-
nection with these experiments, and in view of the important position of unde-
cylenic acid and T.C.A.P. as antifungal agents (20) (22A, B), the opportunity 
was taken to study the behaviour of mixtures of the two materials. 
A 1% solution of undecylenic acid, a 1% solution of T.C A.P., and a mixture 
of 1% undecylenic acid and 1% T.C.A.P. were made in alcohol. A 1/1000 dilu-
tion of each of the 3 solutions was made in 50% alcohol. One em. filter paper 
circles were then dipped in the dilutions and put on the surface of pH 5.6 Sabour-
aud's agar, previously inoculated with T. gypseum. Inhibition zones were meas-
ured after 3, 4, and 5 days incubation. The results are shown in Table 6. 
Table 6 reveals a number of points of interest. It appears that the diffusibil-
ity of undecylenic acid is greater in the presence of T.C.A.P., since the widest 
zones are obtained when the agents are mixed. Diminution of the zones on pro-
longed incubation is most pronounced in the case of undecylenic acid. A 6 mm. 
difference in the diameter of the zone being shown between the 3rd and 5th day. 
The zones produced. by T.C.A.P. were reduced no more than 3 mm. In the case 
of the mixture of T.C.A.P. and undecylenic acid, the reduction was comparable 
to that seen with undecylenic acid alone. However, it should be noted that the 
zones were not reduced beyond the diameters produced by T .C.A.P. alone. In-
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creasing the incubation up to 10 days did not alter the readings obtained on the 
fifth day. The inhibition ofT. gypseum at the periphery of the zones seen on the 
3rd day appears to . be merely fungistatic, and the appearance of new growth 
within the original zone is due to the development of previously retarded viable 
organisms. This development is doubtless favored by the diffusion of alkali 
from the growing mycelium surrounding the zones, which shifts the pH from its 
original acid range to an alkaline level. That the final measurements obtained 
are an index of fungicidal action was shown by transfer experiments in which 
plugs cut from the inner areas of the zones failed to grow out when seeded into 
broth. It appears that the action (or diffusibility) of undecylenic acid is poten-
tiated in the presence of T.C.A.P. since the widest zones are obtained when the 
agents were mixed. 
The fungicidal activity of heptylic, caprylic, pelargonic, capric, undecylenic 
acids and T.C.A.P. was determined. 
TABLE 6 
Inhibitory zones (em.) produced by undecylenic acid, T.C.A.P. and a mixture of both on agar 
(pH 5.6) 
INCUBAnON TIME INHmlTOitY ZONES (CK) 
Days 1/1000 
1/100000 Alcoholic Solution of Undecylenic Acid 3 2.3 
4 1.8 
5 1.7 
1/100000 Alcoholic Solution of T.C.A.P. 3 1.9 
4 1.85 
5 1.80 
Alcoholic Solution of 1/10000 T.C.A.P. and 1/1000000 3 2.4 
Undecylenic Acid 4 2.0 
5 1.9 
Tubes containing various molar concentrations of the agents in 5 ml. of equal 
parts of propylene glycol and water, buffered at pH 5, 6, 7, and 8, were inoculated 
with T. gypseum spores according to the quantitative fungicidal technique of 
Emmons. The tubes were kept at 25°C. Loop transfers were made at inter-
vals into two series of tubes containing 10 ml. of 1% neopeptone and 2% dex-
trose broth, and adjusted at pH 5 and pH 7 by the use of Macllvaine's buffers, 
(10% added as of the water constituent). Control tubes to rule out fungistatic 
effects were prepared by setting up 10 ml. tubes of broth at the two pH levels. 
A loopful of unexposed spores (diluted to correspond to the number used in the 
test) was transferred to each tube followed by a loopful of the drug dilution under 
test. The tubes were incubated at 30°C and examined for the presence of growth 
after two weeks. The results of such an experiment are shown in Table 7. 
It is seen in Table 7 that the fungicidal activity of the fatty acids increases with 
the length of the C chain, and tha't pH has a pronounced effect on the rate of kill. 
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Furthermore, different results are obtained depending upon the pH of the broth 
used as the test medium. When transfers are made into pH 7.0 broth, pelar-
gonic acid (0.32 molar) killed T. gypsmtm spores at pH 5 within 10 minutes, 
but not within 30 minutes at pH 6, 7, or 8. Capric (0.020 molar) killed at pH 
5 within 10 minutes, within 30 minutes at pH 6, but not within 30 minutes at 
pH 7 or 8. Undecylenic acid was still more effective:- 0.027 molar solution 
killed in 10 minutes at pH 5, in 20 minutes at pH 6, but no killing occurred within 
30 minutes at pH 7 or 8. 
The fungicidal activity of T.C.A.P. is far superior to that of the fatty acids. 
A .005 molar concentration kills T. gypseum spores within 10 minutes at pH 
TABLE 7 
Fungicidal action of fatty acids and trimethyl cetyl ammonium pentachlorphenate on T. 
gypseum spores as influenced by pH at which exposure was carried out 
I 
MOLAL CONCEN-r pH 5 
TRATION pH6 pH 7 pH8 
Exposure time (10 minute intervals) killing spores when transfers made to 7.0 broth 
Heptylic acid ....... . .... . ...... . ... 0.038 * * * * 
Caprylic acid ...... . ..... . ..... . .... 0.035 * * * * 
Pelargonic acid ..................... 0.035 10 * * * 
Capric acid ......................... 0.029 10 30 * * 
Undecylenic acid .................... 0.027 10 20 * * 
Trimethyl cetyl 0.005 10 10 10 10 
Ammonium pentachlorphenate ...... 0.0006 20 30 * * 
Exposure time (10 minute intervals) killing spores when transfers made to 5.0 broth 
Heptylic acid ..... .. .... . ........... 0.038 10 * * * 
Caprylic acid ....... .. ............ . . 0.035 10 30 * * 
Pelargonic acid ..... . ............... 0.035 lO lO 10 * 
Capric acid ......... , ............. . . 0.029 lO 10 10 10 
Undecylenic acid .................... 0.027 lO 10 10 lO 
Trimethyl cetyl 0.005 10 lO 10 10 
Ammonium pentachlorphenate ...... 0.0006 10 20 30 * 
* Not killed within 30 minutes. 
5, 6, 7, and 8. At 0.0006 molar concentration, T. gypsmtm spores are killed 
within 20 minutes at pH 5, with 30 minutes at pH 6, but not within 30 minutes 
at pH 7 or 8. When transfers were made into pH 5.0 broth, all of the agents 
showed a higher order of activity. 
The experiment shows that more critical results are obtained in testing fatty 
acids or T.C.A.P. when pH 7.0 broth is used as the test medium. If spores are 
exposed to these agents, even in great dilution, at low pH, greater antifungal 
effect is obtained. 
In experiments not recorded in Table 7, in which pH 7.0 broth was used as 
the culture medium, spores of E. inguinale were killed by 0.0005 molar T.C.A.P. 
within 10 minutes at pH 5 and 6, and within 20 minutes at pH 7 and 8, and MM-
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ilia albicans was killed by 0.005 molar T.C.A.P. within 20 minutes at pH 6 and 
within 30 minutes at pH 5, 6, 7, and 8. 
DISCUSSION 
The experiments described confirm the work of others on the efficiency of fatty 
acids as antifungal agents and show that a higher range of activity is obtained 
when tests are carried out in media of acid pH. 
The data in Table 2 show the effect of solubility on the fungistatic capacity of 
the various fatty acids. It will be noted that all of the agents are most active 
when tested on media at pH 5, and with the exception of propionic acid which is 
water soluble, higher fungistatic end points are obtained when a solubilizing 
diluent such as 50% propylene glycol-water is used, than is the case when water 
alone is used as the diluting fluid. The reason for this is obvious as it is impos-
sible to prepare accurate dilutions from the immiscible mixtures of the higher 
fatty acids and water. 
When testing is done under conditions which insure solubility, the fungistatic 
activity at pH 5 is directly related to the length of the carbon chain of the fatty 
acids. With the exception of pelargonic acid, the same thing is true at pH 5.6 
and at pH 7.0. This orderly progression is lost when dilutions are made in water. 
The data in Table 3 show that other agents with acid groupings are influ-
enced by pH in the same way as are the fatty acids. On the other hand, alkyl-
dimethyl benzyl ammonium chloride (a cationic wetting agent) is more active 
as the alkalinity increases. The activity of still another group, comprising fJ 
phenoxy ethyl alcohol, urethane, thiourea is not influenced by pH. 
When fungistatic tests are conducted in broth and in agar medium, it is usual 
to find that higher inhibitory values are obtained in the broth medium. The 
explanation for this would seem to be found in the relative concentration of 
active ingredients available to contact a standard volume of the test organism. 
In the case of broth, the active agent being in solution, is fully available to exert 
its effect, whereas,when the agent is mixed in agar slants, only the amount pres-
ent on or just below surface of the agar is effective. 
The influence of solubility on the antifungal action of fatty acids is perhaps 
best illustrated by the diffusion zone inhibition technique. The data in Table 5 
show not only the influence of pH on fungistatic activity, but also the effects 
obtained by the use of various diluting fluids. The experiments with undecylenic 
acid may be taken as an illustration. 
The diameter of the zones depends upon the solubilizing capacity of the dilu-
tent and its diffusibility through agar. Thus, undecylenic diluted 1/500 in water 
gives a zone of 3.2 em. at pH 5.0, 2.8 em. at pH 5.6 and no zone at pH 7.0. At 
1/500 dilution in 50% propylene glycol gives zones at 4.5 em. at pH 5.0, 3.2 
em. at pH 5.6, and 2.2 em. at pH 7. Alcohol, which diffuses more readily through 
agar than does propylene glycol, gives zones of the greatest diameter at pH 5, 
the most effective pH is at pH 7, the least effective pH. The comparative width 
of zones produced by a given dilution of alkyl-dimethyl benzyl ammonium chlor-
ide at pH 5 and pH 7 indicates the greater activity oftbis compound at neutrality. 
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The properties of T .C .A.P ., as illustrated by the present experiments, are of par-
ticular interest. The data in Tables 2 and 5 indicate that this compound has 
greater antifungal action than undecylenic acid :wd, furthermore, its effectiveness 
is not so markedly influenced at the several pH levels studied. It would appear 
from Table 5 that T .C .A.P. diffuses through agar less than undecylenic acid, since 
there is little difference between the zone diameters produced by alcohol or by 
propylene glycol dilutions. 
The experiments on the effect of mixing undecylenic acid and T .C .A.P. are inter-
esting in that they show the advantage of using the two agents in combination. 
Our experiments agree with those of Keeney et al. (9b) and Wyss (14) in that 
fungicidal action of the fatty acids is in relation to the length of the carbon chain. 
Furthermore, we show that the fungicidal action of the fatty acids and T.C.A.P. 
is dependent upon pH. 
The high order of fungicidal action by T.C.A.P. over a pH range of 5.Q-8.0 
is noteworthy. Whereas, a 0.027 molar concentration of undecylenic acid (the 
most effective fatty acid) was necessary to kill T. gypseum spores at pH 5 within 
10 minutes, 0.005 molar T.C.A.P. kills within 10 minutes at pH 5, 6, 7, and 
8, and 0.0006 molar T.C.A.P. kills within 20 minutes at pH 5. 
T. gypseilm appears to be the most resistant of the pathogenic fungi tested 
under the in vitro conditions described. Monilia alhicans is relatively resistant 
as compared to the fungi. 
The factors of solubility and pH of the agents studied which give maximum 
fungistatic and fungicidal effects, led to practical applications in the formulation 
of efficient preparations for the treatment of dermatophytosis and other tinea 
infections, which have been discussed elsewhere. The data on the influence of 
pH on the antifungal action of fatty acids are of more general interest in con-
nection with the physiological role of fatty acids in sweat, as discussed by Marchi-
onni (1a, b, c, d) and Herrmann et al. (2, 4a, b, 6b, 11, 13) and others, and of the 
fungistatic action of fatty acids from sebaceous secretion (13). It appears prob-
able that the activity of the fatty acids normally present on the skin is greatly 
enhanced by sweat secretion, since normal sweat should bring about both low 
pH and good dispersion, similar to the conditions producing optimal activity in 
our experiments. 
SUMMARY 
Experiments are described which indicate that the growth inhibitory activity 
of fatty acids and other agents may be dependent upon pH and solubility, and 
that experimental conditions have a marked influence on the results of in vitro 
tests for antifungal action. 
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